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It is estimated that 2 billion individuals worldwide have insufficient iodine intake, with those in south Asia and sub-Saharan Africa particularly affected. An Australian cross-sectional survey of 1709 schoolchildren aged 8-10 years also showed overall that children in mainland Australia are borderline iodine deficient. 1 Iodine deficiency is the most common cause of preventable mental impairment worldwide. International efforts to control iodine-deficiency disorders are decreasing; reaching the third of the worldwide population remaining deficient poses major challenges. 2, 3 Epidemiological field studies for the assessment of iodine deficiency and monitoring of iodine supplementation programs demands rapid, simple, and cost-effective methods for the determination of urinary iodine (UI) concentrations. 4, 5 According to the WHO, iodine excreted in urine is a measure of its supply. The International Council for Control of Iodine Deficiency Disorders (ICCIDD) recommends the UI should be >100 µg/L of urine. Severe iodine deficiency (SID) is diagnosed when UI is <50 µg/L; a moderate iodine deficiency (MID) occurs when UI is 50-100 µg/L. 6 Expressing the UI concentration as a function of urinary creatinine is useful in correcting for the influence of fluid intake for investigations of individuals. When doing so, it is recommended to adjust for the age-and sex-specific creatinine excretion of the given population. 7 However, for large population screening studies, evaluation of creatinine excretion can be omitted.
The usually recommended strategy to control iodine deficiency is through universal salt iodization 8 and more recently through iodine fortification of flour. It is suggested that achieving optimal iodine intakes from iodized salt in the range of 150-250 µg/day for adults may minimize the amount of thyroid dysfunction in populations. 9 Iodine deficiency has multiple adverse effects on growth and development because it leads to inadequate thyroid hormone production. Iodine intakes of about 1 mg/day are well tolerated by most adults, because the thyroid is able to adjust to a wide range of intakes. A daily dose of 1 µg iodine/kg body weight is recommended for infants and children receiving parenteral nutrition (PN), but some PN formulations do not contain iodine. Absorption from iodine-containing skin disinfectants also is another source to provide iodine. 10 In a study of heart transplant recipients, iodine was significantly deficient among them. The study authors suggested that measurements of UI together with thyroid gland hormones may be essential to prevent thyroid gland disturbances in these patients. 6 The 24-hour urine for UI measurement is often considered as the "reference standard" for precisely estimating individual iodine excretion and thereby iodine intake, Submitted 11.28.10 | Revisions Received 3.14.11, 4.3.11, and 6.8.11 | Accepted 6. 
Abstract
Iodine deficiency disorders (IDD) result from inadequate thyroid hormone production due to inadequate iodine intake. It is estimated that 2 billion individuals worldwide have insufficient iodine intake. Iodine deficiency is the most common cause of preventable mental impairment worldwide. The usually recommended strategy to control iodine deficiency is through universal salt iodization and more recently through iodine fortification of flour. Introduction of iodized salt to regions of chronic iodine-deficiency disorders might transiently increase the proportion of thyroid disorders due to iodine excess, but overall the small risks of iodine excess are far outweighed by the substantial risks of iodine deficiency. Food authorities in different countries should be empowered to implement suitable protocols and ensure that effective follow-up procedures are in place, such as those used by the Food Standards in Australia and New Zealand. Future aspects and recommendations are also highlighted in this review.
Keywords: iodine deficiency, iodine disorders, iodine fortification, urinary iodine After reading this article, readers should be able to discuss the complications of iodine deficiency, the methods employed for measurement of urinary iodine (UI) by clinical laboratories, the clinical diagnosis of iodine deficiency and thyroid dysfunction, and the future prospects for iodine deficiency.
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Ashraf Mina, MSc ashraf.mina@swahs.health.nsw.gov.au population screening) , and spot urinary samples are thus preferable in these situations. The UI concentration depends on the intake of both iodine and fluid. In populations of at least 500 subjects, the median value of spot UI concentration is a reliable measure of the iodine intake in the population as there is a leveling out of the day-to-day variation in iodine intake and urinary volume. 7 
Complications of Iodine Deficiency
Iodine is a trace element essential for human growth. The thyroid gland uses iodine to produce thyroid hormones. 11 Iodine deficiency disorders therefore arise as a consequence of inadequate thyroid hormone production typically caused by inadequate iodine intake. 12 Inadequate dietary iodine intake and iodine deficiency is reflected by reduced UI excretion. 13 Iodine deficiency disorders may be associated with damage to fetus brain development, 14 stillbirths, abortions, and congenital anomalies; cretinism, deaf mutism, and spastic diplegia, and lesser degrees of neurological defect related to fetal iodine deficiency; and impaired mental function in children and adults with goiter associated with subnormal concentrations of circulating thyroxine. 15, 16 Iodine deficiency during pregnancy and infancy may impair growth and neurodevelopment of the offspring and increase infant mortality. Accordingly, some countries have recently implemented mandatory iodine fortification of flour (eg, Australia and New Zealand).
Methods Employed for UI by Clinical Laboratories
Urinary iodine excretion is currently the most convenient laboratory marker of iodine deficiency. Most of the analytical methods for UI are based on the spectrophotometric measurement of Sandell-Kolthoff (S-K) reduction reaction catalyzed by iodine using different oxidizing reagents in the initial digestion step. 17 Compared to the S-K method, UI concentrations measured by the inductively coupled plasma mass spectrometry (ICP-MS) method were slightly but significantly lower. Consequently, the results of studies using the S-K method should be compared with caution with those using the ICP-MS method. 18 Urine collected in the afternoon is probably the best to evaluate iodine sufficiency in subjects with dietary habits similar to one another's. 19 However, for large population screening studies (>500 subjects), random spot urine samples are acceptable.
Clinical Diagnosis of Iodine Deficiency and Thyroid Dysfunction
The following parameters are generally recommended for assessment of iodine nutrition: UI concentration, thyroid size, blood concentrations of thyroid-stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxine (FT4), and thyroglobulin (TG). A summary of possible causes of abnormal test results is provided in Table 1 .
Urinary iodine is a sensitive indicator of recent iodine intake (days) whereas TG shows an intermediate response (weeks to months), and changes in the goiter rate (increasing thyroid size) reflect long-term iodine nutrition problems (months to years). Thyroid-stimulating hormone is a useful indicator of iodine nutrition in the newborn but not in other age groups. 20 Thyroglobulin may be a valuable indicator of improving thyroid function in children after salt iodization. 21 Deficiency during childhood reduces somatic growth and cognitive and motor functions. Maternal iodine deficiency can compromise the thyroid status of the mother, fetus, and newborn child. Iodine excretion of pregnant women living in iodine-deficient areas should be assessed. 22 Iodine supplement intake in the first half of pregnancy may lead to maternal thyroid labmedicine.com dysfunction in iodine-sufficient or mildly iodine-deficient populations. 23 
Future Prospects for Iodine Deficiency
Introduction of iodized salt to regions of chronic iodinedeficiency disorders might transiently increase the proportion of thyroid disorders due to iodine excess, but overall the small risks of iodine excess are far outweighed by the substantial risks of iodine deficiency. Food authorities in different countries should be empowered to implement suitable protocols, examine the most suited strategy, and ensure effective followup procedures are in place; for example, the Food Standards in Australia and New Zealand was empowered to recently implement mandatory iodine fortification of flour (www. foodstandards.gov.au/consumerinformation/fortification/) ( Table 2) . LM
